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Cell lines of Solanum xanthocarpum resistant to 25 11M mevinolin, with augmented steroid metabolism were selected 
using the cell plating technique. Characterisation of this cell line was carried out by analysing the steroidal contents 
and rate of steroid metabolism. The selected ceJl line contained nearly 2 fold more sterols compared to the wild type 
cc :: line. Steroidal a:~aioid 501asodlne was overproduc.:::d more than 3 roid COrnpi:Ht::u io ihe caniroi iine. The rate of 
synthesis of sterols was determined based on the rate of 14C acetate incorporation into sterols. Incorporation of 
acetate into the selected cell line was 2.1 and 3 fold more compared to the wild type cell line when they were grown in 
the absence or presence of mevinolin respectively. Mevinolin (5.0 IJM) inhibited the incorporation of acetate in to 
sterols of wild type cell line by 44% while there was no significant inhibition of acetate incorporation into sterols of the 
selected cell line. Activity of 3-hydroxy 3-methylglutaryl CoA reductase (HMGR), the gateway enzyme of mevalonate 
pathway was compared and selected cell line showed 2.5 fold more activity compared to the wild type cell line. The 
present study demonstrates development of a higher plant cell line with augmented steroid metabolism and increased 
HMGR activity by celt line selection. Results also point to the probable rate limiting role of HMGR in the isoprenoid 
pathway. 
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Introduction 
One of the major problems in the utili sation of alkaloid produc-
ing plants as an industrial raw material is the very low quantities 
of such active principles in plants in nature. Cell line selection 
can be successfully applied to carry out useful se lection against 
various agents such as pathogens, toxins, and analogues (Berlin 
& Sasse 1985; Fujita & Tabata 1987). Sasse ef al.(1983) has 
selected Catharanthus rose us cell lines with increased alkaloid 
production. Cell lines resistant to ' amino acid analogue 
[S-(2-aminoethyl)L-cystein) have been shown to be overproduc-
ers of lysine (Redway & Vasil 1990). Therefore, it was antici-
pated that a mutant cell line res istant to mevinolin, a potent 
inhibitor of HMGR will have higher activ ity of HMGR and this 
resistant cell line could be an overproducer of steroidal alkaloid 
solasodine. 
The rate limiting role of HMGR in regulating plant isoprenoid 
biosynthesis remains unresolved (Chappell 1995). Variant 
organisms or cell lines are of great importance in studying a met-
abolic pathway. Avai lability of mutant yeast (Pinto & Nes 1982) 
and Uslilago (Walsh & Sisler 1982) with variant steroid metabo-
lism found application in studying the role of sterols in fungi. 
Gondet ef al. (1994) have developed a mutant tobacco with vari-
ation in the sterol pathway at a late step in the pathway. A similar 
mutant at the HMGR step can provide more information on the 
regulatory role ofHMGR in the isoprenoid pathway. Such a spe-
cific mutant is not known among higher plants. 
Solasodine is a steroidal alkaloid closely related to diosgenin, 
which find s potential application in medicine (Mann 1978). 
HMGR catalyses the first committed step in the mevalonate 
pathway in animals but the exact rate limiting role played by 
HMGR is not clear in plants (Chappel 1995). The present study 
was therefore, carried out with dual objectives of: 
i) developing a variant cell line with augmented steroid metabo-
li sm for the increased production of sola so dine and 
ii) developing a cell line with variation in HMGR activity to 
study the rate limiting role of HMGR in the steroid pathway. 
Materials and Methods 
Chemicals 
All fine chemicals like phytohormones, authent ic standards of 
mevalonate and steroids were purchased from Sigma U.S.A. Mevin-
olin was a kind gift from Dr. A. W. Alberts, Merck Shnrp and Dhome 
Res. Lab. U.S.A. All other chemicals used were of analytical grade 
obtained from Merck. 
Callus and cell culture 
Solanum xanthocarpum Schrader and Wendl, identified according to 
Mathew ( 1991) were grown in garden soil with an adequate supply 
of water and no special nutri tion. Young fully expanded (3rd-6 lh) 
leaves from the apex served as the source of explants. Approxi-
mately I cm leaf segments excised from sterilised (1 min. in 0.1 % wi 
v HgCl2 and at least 3 rinses with sterile water) young leaves served 
as the explant. Creamy white callus developed from the Cllt ends of 
the explanrs when cultured on sterilised (121 °C for 15 min.)'C' 
medium [Murashige & Skoog 1962 medium (MS) + I mgl-
' 
2,4-0. 
0.5 mg,·1 Kinetin (Kn). 250 mgt· l , Casein hydrolysate. 3% wtv 
sucrose, solidified with 0.8% w/v agar and pH adjusted to 5.8] in 15 
days time. Friable callus formed by 4th fortnightly subculture. Cul-
tures were incubated at 1500 lux (cool, white, fluorescent lamps), 10 
hr. light period and 25 ± 2°C. 
Cell culture was developed by transferring approximately I g of 
the healthy friable callus to 25 ml of 'ce' medium( 'C' medium 
devoid of agar) with continuous shaking on a gyratory shaker at 120 
rpm. Cell cul tures were subcultured fortnightly by sieving through 
600 ~m mesh. By the 6th subculture a fine pipetable suspension of 
isolated ce lls and few celled clumps was obtained. Routine monitor-
ing for contamination was carried out with the help of a microscope. 
Viability tests using Evans blue was carried out frequently to ascer-
tain the health status of the culture. All cultures were incubated at 
1500 lux light intensity and 25 ± 2°C with a photoperiod of 14 hr. 
Cell line selection 
Cell plating was carried out according to Bergmann (1960). In brief, 
a very fine suspension of isolated cells and 2-5 ce lled clumps was 
s. Afr. 1. Bot. 1998,64(4) 
made by sieving through 600 /lm and 300 l-un mesh successively_ 
Cell cul ture was diluted with steril e CC medium to yie ld a cell den-
s ity of 2 x 104 1 ive cell s ml-I. Two ml of the ce ll cu lture was mixed 
with J ml of warm semi-solid 'ep' medium ('C' medium with 1.2% 
w/v agar) or CP medium supplemented with 10 J-lM mevinolin and 
plated on to 9 em petri dishes to get a plating density of 4 x 104 cells 
plate-1• Aqueous mevinolin prepared according to Kita e/ al. (1980) 
was used in al l experiments. Micro-co lonies formed after a week 
were counted microscopically to determine plating efficiency. When 
colonies n:ached pickable size they were individuall y transferred to 
C medium containing a concentration of mevinolin which caused a 
50% reduction in plating efficiency (LD 50 mevinolin) . The colony 
was maintalllcd on C medium contain ing LD 50 mevinoli n for 3 
months and was subcultured for tnightly . Later it was transferred to 
CC medium conta ining the same concen trat ion of mevinolin and 
maintained in it for three months. Gradually , the concentration of 
mevinolin was increased to 12, 15, 18,21 and 25 ).1M with each 
round of 5dc:ction to get a cell line capable of growing on 25 j.lM 
mcvinolin . The cell cu lture was cxposed to two sub·cu lturc cycles of 
15 days at every concentrat ion change. 
Growth and steroidal analysis 
Growth was analysed on the basis of fresh weight and dry \vcight 
changes. Batch cultures containing 250 mg of cells in 20 ml of 
medium wtre set up for g rowth measuremen ts and the experiment 
WiiS repeated . Ce ll s dcrived from these batch cultu res were used fo r 
steroidal analysis. 
Stero idal analysis was carried out as detailed elsewhere 
(Unnikri shnan at al. 1991). Three grams of fresh tissue were hornog· 
enised in 151111 of chloroform:methanol ( 1:2 v/v) and filtered though 
What man no. I filter paper under vacuum. The residue was re· 
ex tracted with 15 ml of the same solven t and filtered again. The 
extracts \ver-: pooled and 15 ml of ch loroform and water were added, 
mixed gently and the organic layer was separated by partition. For 
determining the frce sterol content the extract was evaporated under 
vac uum at 35 °C and the residue was suspended in 2 ml of ace-
tone:ethanol(l; I v/v ) mixture. To th is I rn l of 0.5% w/v digitonin in 
50% aqueous ~th ano l was added and left overnight at room tempera-
ture to precip itate the digitonide. The precipi tate was removed by 
cen trifugation anq the free sterols were determined spectrophoto· 
metrically using ferric chloride-sulphuric acid r~agent. Sterols from 
steryl esters and steryl g lycosides were determined in a simi lar way 
fo llowing alkaline and ac id hydro lysis as suggested by Bush et al. 
( 197 1) 
Determination of Solasodine 
Content of so lasodi ne was determ ined following the procedure o f 
Chandlcr and Dodds ( 1983). Br ieny, the dried ca ll liS was powdered 
and subjectt:d to hydrolys is in IN HCI for 2 hours at 100°C. From 
the neutral ised hydrolysatc solasodine was extrac ted usi ng chloro-
fo rm. Quantification was carried out spectropholometrica1\y at 6 10 
nm rtfter making a coloured complex with bromothymol blue. 
Assay of HMGR 
HMGR was assayed according to Chappel and Nabel (1987). Two 
grams of 3 day old cell culture was homogeniscd in 2- 5 volumes of 
100 mM potassium phosphate buffer (pH 7), contain ing 0.25 M 
sucrose, 50 111M KCI, 30 mM Na· EDTA and 10 mM ~-mercapto 
ethanol. Fifetecn to twenty mg of insoluble PYP was added during 
hornogenizat ion. The homogenate was filtered through glass wool 
and centrifuged at 4000 X g for 10 min. at O°c. T he supernatant was 
used as the enzyme source. The assay system of 25 M-I consisted of 7 
).11 of enzyme ex tract, 3 nmol 14C HMG CoA,(SI ~C i mmol-l ) , 10 
nlnol OTT, 4 nmol NADPH, in 100 mM potassium phosphate 
buffer. T he reaction was started with the addition of 3 nrnol of 14C 
HMG eoA. The assay mix was incubated at 30°C and the reaction 
was stopped by the addition of 5 ).11 of 6N HCI and 5 ~I of cold 
rnevalonatc ( 100 mg ml-l ). Mcvalonate formed was separated by 
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Figure I Effect of mevinolin on planted cell s of Solanum 
xanthocarpllm. 
TLC. The bands corresponding to the authentic mevalonate s!<:mdard 
\vere collec ted and radioactiv ity was measu red in a scinti ll ation 
counter. Prote in determinat ion was carried out according to Bradford 
(1976). 
Incorporation of 14C acetate. 
14C acetate was added to 20 ml of actively growing cell suspension 
to get a fina l concentration of 100,000.00 cpm.m l-I . A time course 
study was carried out by removi ng the cultures at 10 min . in tervals 
for 30 minutes. The treated cu ltures were washed with boi li ng water 
at the end of the prescribed time followed by a wash with non· rad io· 
active acetate as a carrier solution. Cells were filtered through What· 
man no . I filter paper and the ex traction of stero ls was carried out as 
detailed above . Each stero l fraction was separated on Silicagel TLC 
using ch lorofo rrn :rnethano l (95:5 v/v) as solvent system. Stero l frac· 
tions were visua lised by spraying FeCI)·sulphuric acid .reagent fo l· 
lowed by heating at I IO QC for 10 min. The bands corresponding to 
authentic samples of stero ls were removed and radioactiv ity was 
measured in a scintill ation counler. 
Statistical analysis 
All experiments were repeated three times and at least three repli-
cates were used in every experiment. Statistical analysis was carried 
out as described elsewhere (Calcutt 1983). 
Results 
T he dose response study conducted revea led that 0. 1 0 ~lM 
mevino lin is LD 50 for plated cells (Figu re I). A buffering effect 
was observed between 1 and 10 J..lM concentrations ofmevinolin. 
The cell line selected at 10 J..l M concentration g rew well in CC 
medium contain ing to j.lM mevino lin . Five rounds of selectio n in 
CC medium w ith g radua l inc rease in the concent ration of mev in-
olin (12, 15 , IS, 21 and 25 ~M) produced a ce ll line capable of 
growing in 25 J..lM mevinolin. The growth kinetics of these cell 
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Figure 2 Cllmparalivc growth kinetics of sdecl~d and wil d typ.: cell lines of S.xantlwcarpum gro\vn on m..:vinol in fn:c medi um. (- ) 
Sekct.:d ce ll line. (------) Wild type cell line. 
lines. rate of steroid metabol ism and steroidal contents were 
com pared with the w ild type cell line when grown in the pres-
ence and absence of mevinolin. When grown in the presence or 
absence of 111cvinolin there was no significant difference in the 
growth pattern . Wild type cell lines suffered severe inhibit ion of 
growth in the mcvinolin enriched medium.(Figures 2 and 3). The 
contents of free sterols, steryl esters and steryl glycosides were 
\95, 175 and 170% more respectively in the selected cell line 
than in the llllselected line when both lines were grown in the 
absence of lllcvinolill. Steryl ester and steryl gIyccoside concen-
trations were comparatively much more than the free sterols in 
the se lected cell line (Figure 4A). A large difference (550%) in 
the sterol contents resulted between the cell lines when both cell 
Jines were grown in the presence of mevinolin, due to the meta-
bolic inhibiti on suffered by the wild type cell line (Figure 4B). 
The solasod ine content was more than 3 times higher in the wild 
type ce ll line when both cell lines were grown in the absence of 
mevinol ill . The difference was nearly 15 fold by the 15th day, 
when both cell I ines were grown in the presence of 25 ).lM 
mevi nolin (Table 3). 
incorporation of HC acetate into the sterols of 3 day old 
se lected ce ll lines was 2.1 and 3.0 fold higher than that in to the 
wi ld lype cell line when both cell lines were grown in the 
absence and in the presence of mevinolin respectively. Ten 11 M 
mevinolin inhibited the 14C incorporation in the sterols of wild 
type cell lines by nearly 50% of the control. (Tables I and 2). 
The selected cell line recorded 16.0 x 10.9 molmevalonate in 30 
min. compared to 3.3 x 10·') mol mevalonate in 30 min. under the 
experimental conditions. 
Discussion 
Mevinolin severely inhibited the viability and growth of plated 
cells of Solanum , probably due to the inhibition of sterol biosyn-
thesis. Similar growth inhibition by mevinolin is on record in the 
literature wi th celery cell cultures and cultures of Ochromonas 
malhamensis (Doll el al. 1984; Maurey el al. 1986). Other sterol 
lowering agents like enanriomers of palcobutrazol have been 
shown to inhib it growth of celery cell cu ltures by altering quan-
tity and quality of sterols (Haughan el al. 1989). Bach and Lich-
tenthaler ( 1987) have concluded that qualitative and quantitative 
Table 1 Percentage incorporation of " C acetate in to sterols in selected and wild type 
cell lines of S. xanthocarpum grown in the absence of mevinolin 
Wild lype cell line Selected ceJllinc 
Time (min) Free Sterols Steryl eSler S. gJycosides Free sLerols Ster),1 ester S. g iycosidcs 
10 0.38 0.3 1 0.18 0.82 0.51 n.l2 
20 0.68 0.36 0.21 1.24 0.72 0.29 
30 0.69 0.29 0.17 1.42 0.69 0.38 
s. Mr. J. Bot. 1998, 64(4) 
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Figure 3 Comparative growth kinetics of selected and wi ld lype cell lint!s of S. xanthocarpllm grown 0 11 mevinolin. (--- ) Selected cd l 
li ne, (-------) Wi ld type ecJlline. 
changes in the sterols are the main reason for growth inhibition 
caused by sterol biosynthesis inhibitors. With the cell cultures of 
S. xanthocarpum, a similar inhibition of sterol biosynthesis was 
observed (data not shown). 
LD 70 concentration ofmevi nolin was chosen for basic se lec-
tion, accepting the view of Burden el at. ( 1989), that a higher 
inhibitor concentration can kill even the desirable variant popula-
tion but lower concentrations may not be effective in screening 
the physiological mutants. Variant cells exhibit resistance due to 
different mechanisms such as (i) ability of the cell line to 
detoxify the inhibitor, (i i) ability to prevent entry of the inhibitor 
in to the cells, (iii ) over-production of the enzymes as a result of 
amplification of the gene (F lick 1983). In the present investiga-
tion the ability of the selected ce ll line to grow in the mevinolin 
nledium, increased production of sterols and solasodine even 
when they were grown in a mevinolin free medium are indica-
tions of a stable resistant characteristic. These observations are 
similar to many other reports in which the over-production of the 
end product of the pathway and ab ility to grow in the presence of 
inhibitor are shown as characteristics of resistance (HibberoJ el 
al. 1980; Chiu el al. 1982; Redway & Vasil 1990). The increased 
levels of steryl esters and steryl glycosides compared to the free 
sterols was found in Ihe selected ce ll line. Gondet el al. ( 1994) 
also reported a similar increase in the ester ified sterols compared 
to the free sterols in the mutant tobacco cell line that over-pro-
duced sterols. Probable involvement of a sterol-acyl transferase 
in the conversion of large amounts of precursors resulting from 
increased activity of HMGR, is postulated to be the reason for 
the accumulation ofsteryl esters in the mutant tobacco ce tllines 
(Gondet el al. 1994). A simi lar possibility i.e, (involment of cer-
tain enzyme system) may also ex ist in the case of accumulation 
ofsteryl g lycos ides but further studies in this area are required to 
veri fy it. A 10 fold over-production of stero ls is reported in the 
case of mutant tobacco cel l line resistant to LAB170250F, an 
inhibitor of cytochrome P-450 oblusifoliol-14-demethylase 
(Gondel el al. 1992). In the present study the increase in sterol 
Table 2 Percentage incorporation of 14C acetate into sterols in selected and wild type cell 
lines of S. xanthocarpum grown in the presence of 1 0 ~mol mevinolin 
Wild type cell line Selected cell linc 
Time (min) Free sterols Slcryl ester S. glycosides Free sterols Steryl es ters S. glycosides 
to 0.30 0.23 0.14 0.83 0.46 0.32 
20 0.44 0.27 0. 11 1.1 7 0.6 1 0.34 
30 0.46 0 .19 0.1 I 1.32 0.63 0.34 
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Figure 4A Comparison of the changes in the steroidal contents 
of Wild type (-- ) and selected (-------) cell lines of Solanum xan-
thocarpllm grown in the absence of mevinolin . Free sterols (e---
e): Sterol esters (&-----&) and Steryl glycosides (.----.). 
Brocken lines indicate selected line. 
level was less in comparison to the mutant tobacco cell line. This 
difference could be due to the difference in the site of the muta-
tion, In the tobacco cell , line mutation was induced at a later step 
in the steroid pathway, thereby. leading to increased production 
of sterols. Whereas in the present case, due to the variation at the 
HMGR level , the mevalonate formed was channelled to various 
isoprenoids which branched out before reaching the squalene 
step. Si milarly there is formation of a large quantity of steroidal 
alkaloid solasodine (3 mg%) in the selected cell line of S. xan-
thocarpum unlike tobacco callus which doesn 't produce consid-
erable amount of steroidal alkaloid. 
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Figure 4B Comparison of the changes in the steroidal contents 
of Wild type (--) and Selected (------) cell lines of Solanum xan-
thocarpwn grown in the presence of mevinolin. Free sterols (e----
e), Steryl Glycosides (&----&), Steryl esters (.----.). Brocken 
lines indicate selected line. 
Incorporation of 1"C acetate was 2.1 and 3.0 fold more than the 
wild type cell line when grown in the absence or in the presence 
of mevinolin respectively. The HMGR activity of the selected 
ce ll line was more than 2.5 fold higher compared to the wi ld type 
cell line. This increased activity of HMGR could explain the 
greater incorporation (biosynthesis of sterols) of acetate into ster-
ols . The present observations are in agreement with previous 
reports. Sasse et af. (1983) demonstrated over-production of 
alkaloids as a result of greater activity of tryptophan decarboxy-
lase in the selected cell lines of Catharanthus roseus. Gondet et 
af. (1992) have demonstrated increased activity of HMGR and 
Table 3 Changes in the solasodine contents during one culture cycle in Wild type (wrL) and 
Selected cell lines (SCL) grown in mevinolin free or mevinolin enriched media 
Treatment Solasodin mglg Dry weight 
Mevinoloin 3rd day 9th day 15th day 
(flM) WTL SCL WTL SCL WTL SCL 
0.00 0.9 ± 0.02 2.4±0. 12 0,62 ± 0.01 2.0 ± 0.09 0.86 ± 0.02 3.54 ± 0.27 
10.00 0.88 ± 0.02 2.82 ± 0.18 0.48 ± 0.02 2.22 ± 0.25 0.23 ± 0.01 3.54 ± 0.23 
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over-production of sterols in the mutant tobacco cell lines. 
Compactin resistant UT I cells demonstrated over-production of 
sterols due to amplificat ion of the HMGR gene (Chin e{ al. 
1982). Over-production of HMGR may have contributed to this 
increased rate of acetate incorporation into sterols. In the present 
study, the observed over-production of steroids and greater 
incorporation of l.<Ie acetate into the stero ls as we ll as higher 
activity of HMGR points to the probable amplification of 
HMGR. The increased rate of acetate incorporation (greater bio-
synthes is) w ith increase in HMGR activity points to the probable 
rate limiting role ofHMGR in the steroid pathway. 
Conclusion 
Cell line selection can be used to develop cell lines of S. xan-
thocarpum resistant to mevinolin, a potent inhibitor of HMGR. 
As a survival strategy. cell lines se lected aga inst mevinolin over-
produce HMGR, which leads to over-production of sterols and 
steroidal alkaloid solasodine. The direct influence of increased 
HMGR activity on the rate of sterol synthesis indicates a regula-
tory role of HMGR in the isopreno id pathway. 
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